comparable to the best electrocatalysts reported so far, at neutral pH.
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INTRODUCTION
28 Catalytic water oxidation to molecular dioxygen is one of the 29 key processes in photocatalytic cells that generate solar fuels by 30 solar water-splitting. 1 In addition, the underlying four-electron/ 31 four-proton water oxidation is of biological interest since such 32 reaction takes place at the oxygen-evolving Mn 4 Ca complex of 33 photosystem II in green plants and algae. Significant developments in the field of water oxidation 35 catalysis have emerged over the past few years, including both 36 molecular systems 3,4 and metal-oxide catalysts. 5−7 Water 37 oxidation catalysts (WOCs) benefit from molecular toolkit 38 that exploit electronic and steric effects and can be efficiently 39 combined to generate extremely fast, oxidatively rugged 40 catalysts. 8−16 For such purpose, the effects of ligand 41 perturbations on catalyst performance need to be fully 42 understood, including for example changes in ligand coordina-43 tion modes, hydrogen-bonding, coordination numbers, in-44 ductive effects, and site isolation. Finally, molecular WOCs also 45 benefit from an arsenal of spectroscopic techniques that can be 46 applied to molecules and allow to derive detailed information 47 on molecular and electronic structures. 17 In addition, anchoring 48 WOCs on electrode surfaces is a very attractive strategy for 118 graphitic material, and given the axial nature of the two 119 diazonium salts, the molecular complex can be anchored 120 through any of the two sides. If only one side is anchored then 121 one of the axial ligands will end up forming a terminal phenyl, 122 or phenol group, or both. 37, 38 From an electrochemical point of 123 view, the activity of these complexes might be practically 124 identical and thus will not be discriminated in the following.
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The quasi-reversible wave at 0.15 V (E p,a = 0.20 V ; E p,c = 126 0.10 V; ΔE = 100 mV; labeled 3 in Figure 2 ) is associated with 127 the one electron redox process of the nitrosyl group, both for 128 the one just anchored on the glassy carbon electrode and the 129 one that is in solution, associated with 2
3+
. Finally the wave at 130 0.52 V (E p,a = 0.58 V; E p,c = 0.46 V; ΔE = 120 mV; labeled 1 131 and 4 in Figure 2) Figure S15 in the SI.
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The amount of mass deposited on the electrode can be 157 controlled by changing the applied potential, the time period 158 for which this potential is applied, or the concentration of the 186 that slowly reduces the performance of the GC-4 material. 187 Indeed, after 20 cycles, the charge below the III/II couple is 188 reduced by 15% while the intensity of the electrocatalytic wave 189 decreases by 20% of its initial value (the second cycle is always 190 taken into consideration for these measurements). These 191 experiments were also performed at 1.00, 1.10, and 1.20 V, as 192 reported in Figure 3 (bottom) and Figures S17 and S18 (SI).
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Chronoamperometric measurements were carried out at E app 194 = 0.87 V, allowing to calculate an indicative TOF of 0.27 s −1 195 assuming a 100% faradaic efficiency (see Figure S19) The multiple cycling performed at 1.10 V shows how the 200 intensity of the III/II wave rapidly decreases after 20 cycles to 201 approximately 35% of its original charge whereas, in sharp 202 contrast now, the intensity at 1.10 V initially decreases but then 203 rapidly increases by 25%. These phenomena are due to the 204 depletion of the Ru−OH 2 active species from the surface of the 205 electrode, concomitant with the generation of new species that 206 are much more active than the Ru−OH 2 but shows a foot of 207 the electrocatalytic wave that is anodically shifted to 208 approximately 1.10 V. These new highly active species are 209 due to the formation of RuO 2 on the surface of the GC 210 electrode, as will be demonstrated in the next section and will 211 be labeled GC-RuO 2 from now on throughout this manuscript. 212 Figure 4 shows the electrochemical activity of a GCp-4X 224 material when exposed to 50 consecutive scans, from 0.00 to 225 1.20 V. The first scan mainly transforms GCp-4X into GCp-4. 226 The increase of the anodic limit to 1.20 V increases the speed 227 of the transformation of both GCp-4X into GCp-4 and GCp-4 228 into GCp-RuO 2 . This observation is consistent with the 229 featureless response of GCp-RuO 2 except for the large 230 electrocatalytic wave. Thus, the materials generated by 231 electrooxidation involve a mixture of GCp-4 and GCp-RuO 2 232 with a relative composition that depends on the number of 233 cycles. Furthermore, the absence of any other wave in the CV 234 reveals the lack of intermediate species in this conversion, 235 indicating a very fast and progressive transformation from 4 to 236 RuO 2 at the electrode surface. Figure 4 (top left) shows that 237 the intensity under the III/II wave has decreased by about 50% 238 after 25 cycles, suggesting that about half of the initial amount 239 of 4 has been transformed into RuO 2 . onto GCp electrodes, both the K-edge and EXAFS spectra 246 of GCp-4 0 indicated that the overall structure around the Ru 247 center was preserved, although a slight increase of the Ru−N/ 248 O bond lengths was observed in GCp-4 0 (Table S1 ). For Table S1 in the 262 SI). Such distance becomes more prominent for increasing 263 numbers of CV scans ( Figure 5D ). 285 purpose, electrodeposition was performed on standard GC disk 286 electrodes achieving surface concentrations close to a 287 monolayer. GC rods of 5 and 7 mm diameter were also used 288 to increase the surface area and to drastically decrease the 289 amount of Ru complex anchored on the surface.
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Initially, complex 2 3+ was anchored on the GC or GCr x (x = 291 5 or 7) electrodes, following the protocols as previously 292 described. An adequate concentration of the complex was 293 chosen to control the amount of deposited material. Then, the 294 electrode surface was sonicated and rinsed with acetone and 295 cleaned with a phosphate buffer solution at pH 7. Subsequently, 296 the new material was scanned 3 times from −0.4 to 0.6 V in an 297 aqueous solution at pH 7. The amount of the complex on the 298 electrode surface was quantified by integrating the charge below 299 the oxidative waves at 0.52 and 0.15 V. Finally, a potential of 300 1.20 V was applied for 6 min to ensure complete conversion 301 from GCr 7 -4X to GCr 7 -RuO 2 .
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The catalytic activity of the new materials was analyzed by 340 GC electrode, see Figure S22 . Finally bulk electrolysis experiments were also carried out 352 using high surface area reticulated carbon sponge electrodes 353 GCs (20 ppi; volume = 1 cm 3 ). Following a similar protocol as 354 for the carbon rod electrodes we generated GCs-4 and GCs-355 RuO 2 . The latter was used to carry out a bulk electrolysis 356 experiment in a two compartment cell with an E app = 1.15 V (η 357 = 0.6 V) for 2 h containing a Clark electrode to measure the 358 molecular oxygen generated in the gas phase. A plot of current 359 intensity and [O 2 ] vs time is presented in Figure S23 . It is 360 impressive to see again that during the first 30 min TONs 361 higher than 25 000 are achieved with basically 100% Faradaic 362 efficiency. After 100 min the TON reaches a value of 45 000 363 although now the Faradaic efficiency drops, most likely due the 364 oxidation of the carbon sponge electrode as has been observed 365 before. 
